Bacteria are fundamentally divided into two groups, Gram-positive and -negative, based on the chemical and physical properties of their cell walls. The classic Gram stain reaction permits the useful distinction between Gram-positive and -negative bacteria. Gram staining results largely affect the initial classifi cation of an unknown bacterium and the selection of follow-up identifi cation procedures. However, it is well known that some factors, including a faulty procedure, the age of a culture, and the composition of a cultivation medium, can infl uence the tendency of Gram-positive bacteria to decolorize, leading to misidentifi cation (Bartholomew and Mittwer, 1952; Cowan and Liston, J. Gen. Appl. Microbiol., 57, 331 339 (2011) Bacteria are fundamentally divided into two groups: Gram-positive and Gram-negative. Although the Gram stain and other techniques can be used to differentiate these groups, some issues exist with traditional approaches. In this study, we developed a method for differentiating Gram-positive and -negative bacteria using a colorimetric microbial viability assay based on the reduction of the tetrazolium salt {2
Vol. 57 TSUKATANI et al. 1974; Gregersen, 1978; Mannaf and Kneifel, 1990) . To prevent these problems, researchers have developed a number of alternative methods that generate results that correlate well with the results of the Gram stain reaction (Arthi et al., 2003; Bourgault and Lamothe, 1988; Carlone et al., 1983; Cerny, 1978; Gregersen et al., 1978; Halebian et al., 1981; Manafi and Kneifel, 1990) .
One of the several methods proposed to date is a vancomycin susceptibility test. Almost all Gram-positive bacteria show sensitivity to vancomycin, whereas almost all Gram-negative bacteria are resistant to this antibiotic. Thus, this method is based on the differentiation of bacteria by the formation of a zone around a vancomycin disk on Mueller-Hinton agar. However, it has been established that some Gram-positive bacteria show resistance to vancomycin, which somewhat limits the utility of the vancomycin susceptibility test (de la Maza et al., 1989; Fenollar and Raoult, 2000; Swenson et al., 1990 ). Yet, the vancomycin susceptibility test is relatively easy to perform, and reproducible results can typically be obtained irrespective of the profi ciency of an operator. Therefore, by improving its selectivity, the vancomycin susceptibility test may be suffi ciently useful for determining Gram staining characteristics of bacteria. Furthermore, the combination of an improved vancomycin susceptibility test with a colorimetric microbial viability assay based on the reduction of water-soluble tetrazolium salts should lead to the advancement in the determination of the Gram staining characteristics of bacteria.
In a previous study, we developed a colorimetric method based on the reduction of the water-soluble tetrazolium salt {2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt} (WST-8) via an electron mediator for a microbial viability assay (Tsukatani et al., 2008 (Tsukatani et al., , 2009 . In this method, the electron mediator 2-methyl-1,4-naphthoquinone (2-methyl-1,4-NQ) is reduced by the microorganisms, leading to the production of naphthohydroquinone. Furthermore, reduction of WST-8 produces formazan, which exhibits a maximum absorbance at 460 nm. The WST-8 colorimetric method, which is performed in a 96-well microtiter plate, has previously been applied both to determine the susceptibility of various bacteria to antibiotics and to rapidly screen antimicrobial substances (Tsukatani et al., 2009) . Therefore, we hypothesized that the combination of the WST-8 colorimetric method with a selection medium that allows the growth of Gram-negative bacteria, while inhibiting the growth of Gram-positive bacteria, would lead to a useful and simple method for the accurate distinction of Gram-positive and -negative bacteria.
Thus, in the present study, we developed a method for the accurate distinction of Gram-positive and -negative bacteria using the WST-8 colorimetric method with selection medium regardless of the degree of proficiency of an operator and the pre-incubation conditions employed, such as the age of the culture and the culture medium. Specifi cally, the composition of the selection medium containing vancomycin and other antibiotics was optimized to allow the growth of Gramnegative bacteria while inhibiting the growth of Grampositive bacteria. Subsequently, we used the optimized method to confi rm the Gram staining characteristics of various bacteria for which Gram staining characteristics are already established. In addition, we applied the proposed method to determine the Gram staining characteristics of bacteria isolated from various foodstuffs, and we compared these results with those obtained from a conventional staining method.
Materials and Methods
Chemicals and medium. 2-Methyl-1,4-NQ was purchased from Sigma Chemicals (St. Louis, MO, USA). Cation-adjusted Mueller-Hinton broth was purchased from Kyokuto Pharmaceutical Industrial Co. (Tokyo, Japan). Crystal violet and vancomycin were purchased from Wako Pure Chemicals Industries, Ltd. (Osaka, Japan). Daptomycin was bought from Toronto Research Chemicals, Inc. (North York, ON, Canada). WST-8 was a gift from Dojindo (Kumamoto, Japan). All other chemicals were of analytical reagent grade and were used without further purifi cation.
Preparation of detection reagents. 2-Methyl-1,4-NQ, which was used as an electron mediator, was dissolved in dimethyl sulfoxide (DMSO) at a concentration of 0.2 mM. Since WST-8 is a water-soluble tetrazolium salt, it was dissolved in distilled water at a concentration of 11.1 mM and sterilized with a membrane fi lter (0.2 µm). Subsequently, this tetrazolium salt solution was mixed with the 2-methyl-1,4-NQ preparation at a ratio of 9 1. Thus, the prepared detection reagent contained 10 mM WST-8, 0.02 mM 2-methyl-1,4-NQ, and 10% DMSO.
Microbial strains and growth conditions. The 104 microbial strains shown in Table 1 dium. An assay medium containing 1.0% NaCl, 0.45% yeast extract, 1.5% (mg) hemin, 1.5% (mg) nicotinamide adenine dinucleotide (NAD), and 0.1% horse blood in cation-adjusted Mueller-Hinton broth was prepared for the determination of microbial viability. A selection medium, which included the assay medium plus 0.5 µg/ml crystal violet, 5.0 µg/ml daptomycin, and 5.0 µg/ml vancomycin, was used for distinguishing between Gram-positive and -negative bacteria. Bacteria were adjusted with physiological saline to a turbidity equal to that of the 0.5 McFarland standard, and were then diluted 10-fold with physiological saline.
Both the assay medium (180 µl) and selection medium (180 µl) were added to each well of a 96-well microtiter plate. Subsequently, the prepared bacterial suspension (10 µl) and the detection reagent (10 µl), which consisted of 2-methyl-1,4-NQ and WST-8, were added to each well. After incubation of the microtiter plate for 24 h at 35 C under aerobic or anaerobic conditions, the produced formazan was measured at 460 nm with a VersaMax microplate reader (Molecular Devices Co., Sunnyvale, CA, USA). When a reduction of WST-8 was observed in the assay and the selection medium, the bacteria were judged to be Gram-negative. In contrast, when a reduction was obtained only in the assay medium, the bacteria were judged to be Gram-positive. Also of note, each well that generated an absorbance change (ΔA) of less than 0.2 was considered to exhibit no reduction. In this case, the ΔA was evaluated as the ΔA versus the blank value that was obtained for the medium without bacteria.
Conventional staining method. A conventional staining method was performed using the Color Gram 2 kit (bioMérieux, Marcy l Étoile, France). The Gram stain slides were prepared according to the manufacturer s instructions. The composition of ready-to-use reagents was as follows: oxalate crystal violet solution (2.0% crystal violet, 20% ethyl alcohol, 0.8% ammonium oxalate), stabilized lugol polyvinylpyrrolidone (PVP) complex (1.3% iodine, 2.0% potassium iodine, 10% PVP), decolorizer (47.5% alcohol, 50% acetone), and safranin solution (0.25% safranin, 9.5% alcohol). In this technique, Gram-positive cells were revealed by a blue or bluish-purple color, whereas Gram-negative cells exhibited a pink or pinkish-red color. When both bluish-purple and pinkish cells were simultaneously observed in a sample or the stain was equivocal, it was determined to be Gram-variable.
KOH string test. The KOH string test was performed using the method of Halebian et al. (1981) . Briefl y, two drops of 3% KOH solution were placed on a glass slide. A single colony or a few colonies if they were especially small, which had been incubated for 24 72 h, were picked from the surface of a solid medium with an inoculation loop. The picked colony (or colonies) was stirred in a circular motion in the KOH solution for 30 s, and the loop was then occasionally raised 1 2 cm from the surface of the slide. If the inoculated KOH solution became viscous, a thread of slime followed the loop 1 2 cm or more. This reaction is considered a positive result, which is expected for Gram-negative bacteria. In the absence of slime, the watery suspension does not follow the loop, which is considered a negative result and is typical of Grampositive bacteria.
Results and Discussion

Optimization of the assay and selection medium
To prepare an assay medium for detection of the viability of various kinds of bacteria, we investigated supplementation of the medium composition of standard Mueller-Hinton broth. Mueller-Hinton broth is widely used for susceptibility tests of various bacteria. However, it is necessary to add various nutrient components to this broth for the cultivation of fastidious bacteria, such as Streptococcus spp., Neisseria spp., and Haemophilus spp. It has been established that both Streptococcus spp. and Neisseria spp. require animal blood to grow, whereas Haemophilus spp. require hemin and NAD. Therefore, we prepared assay medium that contained 1.0% NaCl, 0.45% yeast extract, 1.5% (mg) hemin, 1.5% (mg) NAD, and 0.1% horse blood in cation-adjusted Mueller-Hinton broth for investigation. When we examined the viability of bacteria shown in Table 1 in the prepared medium, we observed a reduction of WST-8 in almost all bacteria used in this study, with the exception of Moraxella lacunata, Neisseria gonorrhoeae, and Streptococcus pneumoniae. These particular bacteria could not be detected by the WST-8 colorimetric method. All bacteria shown in Table 1 were cultivated in suitable broth media and were subsequently used for the viability assay.
To differentiate between Gram-positive and -negative bacteria, we examined the depressant composition in a selection medium. Specifi cally, we investigat-ed the effects of the depressants on the inhibition of proliferation of Gram-positive bacteria. Crystal violet, which is a basic dye, has been shown to allow the growth of Gram-negative bacteria while inhibiting the growth of Gram-positive bacteria (Fung and Miller, 1973) . Indeed, we found that crystal violet repressed and/or delayed the proliferation of a large number of Gram-positive bacteria examined in this study (data not shown). In addition, the antibiotics vancomycin and daptomycin are known to be selectively active against Gram-positive bacteria. Vancomycin is a glycopeptide antibiotic used in the prophylaxis and treatment of infections caused by Gram-positive bacteria (Tammy et al., 2004; Wilhelm, 1991) . Because it correlates well with the results of the Gram stain, a vancomycin susceptibility test is often used as an alternative or additional method for characterization of bacteria, but it is unacceptable for use with vancomycin-resistant bacteria (Fenollar and Raoult, 2000) . Daptomycin is a lipopeptide antibiotic also used in the treatment of certain infections caused by Gram-positive bacteria (Ehlert and Neu, 1987; Hodinka et al., 1987; Tammy et al., 2004) . Daptomycin has been shown to have activity against a spectrum of Gram-positive bacteria, including a number of vancomycin-resistant enterococci (Rybak et al., 2000) . Of note, this antibiotic may be able to inhibit the growth of some Gram-positive bacteria that are not inhibited by vancomycin. Therefore, we examined the effects of various combinations of vancomycin and daptomycin on the selective inhibition of Gram-positive bacteria, on the basis of the effects of crystal violet (0.5 µg/ml). Table 2 shows the effects of the depressant composition on the proliferation of various vancomycin-resistant Gram-positive bacteria. In particular, we used Enterococcus spp., Lactobacillus spp., Leuconostoc sp., Pediococcus sp., Erysipelothrix sp., and Nocardia sp. as representative vancomycin-resistant Gram-positive bacteria. The combination of crystal violet and vancomycin without daptomycin failed to inhibit the growth of vancomycin-resistant Gram-positive bacteria, with the exception of Nocardia asteroide. In contrast, the addition of a high concentration of daptomycin (5.0 µg/ml) repressed the proliferation of all vancomycin-resistant Gram-positive bacteria. Based on these results, we decided to use the following depressant composition in follow-up experimentation: 0.5 µg/ml crystal violet, 5.0 µg/ml daptomycin, and 5.0 µg/ml vancomycin. Table 1 shows the Gram staining results determined by the present method with the assay and selection media. When reductions of WST-8 were observed in both the assay and selection media, the bacteria were judged to be Gram-negative. However, when a reduction was only obtained in the assay medium, the bacteria were judged to be Gram-positive. All Gram-positive bacteria used in this study, with the exception of S. pneumoniae, were accurately determined to be Grampositive by our method. That is, S. pneumoniae could not be detected by the WST-8 colorimetric method. Furthermore, the Nocardia sp. and Corynebacterium spp., which tend to be Gram-variable by a conventional staining method, were also determined to be Grampositive by the present method. On the other hand, all Gram-negative bacteria shown in Table 1 , with the exception of M. lacunata and N. gonorrhoeae, were ac- Table 2 . Effect of the combination of depressants on the growth of Gram-positive bacteria. curately determined to be Gram-negative by the proposed method. Similar to S. pneumoniae, these Gram-negative bacteria could not be detected by the WST-8 colorimetric method. Collectively, these results indicate that the method developed herein can be applied to most bacteria, but it is unsuitable for a small minority of species. In contrast, the combination of crystal violet (0.5 µg/ml) and daptomycin (5.0 µg/ml) without vancomycin revealed no inhibition of the growth of some Gram-positive bacteria, such as Enterococcus faecium, Enterococcus hirae, Listeria innocua, and Rhodococcus rhodochrous (data not shown). Therefore, we conclude that the combination of crystal violet, daptomycin, and vancomycin allows the selective inhibition of most Gram-positive bacteria.
In addition, we applied the present method to Gardnerella vaginalis, which is classically a Gram-variable bacterium according to standard methods. Although G. vaginalis possesses characteristics commonly associated with both Gram-positive and -negative bacteria (Criswell et al., 1971; Harper and Davis, 1982) , it was determined to be Gram-positive by the present method (Table 1) .
Effect of pre-incubation conditions
It has been reported that bacterial smears prepared from broth cultures, as opposed to solid cultures, may lead to more Gram-variable reactions in the conventional staining method (Bartholomew and Mittwer, 1952) . Because some of this liquid medium is transferred to a slide during sample preparation, the ingredients found in broths are thought to interfere with the staining process. To avoid this complication, it is thought that smears should instead be made from the surface growth of bacteria cultured on solid media. The smears used to generate the results shown in Table 1 were made from bacteria cultivated in broth media. Table 1 shows that there was good agreement between the Gram staining results from our novel method and those from the original Gram stain method; nevertheless, the proposed method is unsuitable for a small minority of bacteria. In addition, we found that there was perfect agreement between the results obtained using bacteria cultured on solid media and those obtained using bacteria cultured in broth media (data not shown). Therefore, we conclude that the proposed method can achieve accurate results regardless of the pre-incubation medium used for bacterial culture. Table 3 shows the effect of the pre-incubation time of Bacillus spp. and other closely related genera on the Gram staining results determined by the present method and a conventional staining method. Of note, Bacillus cereus, Bacillus circulans, Bacillus subtilis, Lisinibacillus sphaericus, Paenibacillus macerans, and Paenibacillus polymyxa have been found previously in starchy foods (Fangio et al., 2010) . Overall, the Gram staining characteristics of these bacteria tended to change from Gram-positive to either Gram-variable or Gram-negative with increasing pre-incubation time in the conventional staining method, with the exception of B. cereus and B. subtilis. It has previously been reported that these particular species appear to be Gram-negative, especially with their number increasing with the increasing age of the cultures (Gregersen, 1978) . In contrast, these bacteria were determined to be Gram-positive by the present method regardless of the pre-incubation time. These results show that the proposed method can provide accurate results regardless of the employed pre-incubation conditions, such as the age of the culture and the culture medium. 
Comparison with KOH string test
The KOH string test is known as a rapid stain-free method for the determination of the Gram reactions of bacteria (Halebian et al., 1981; Powers, 1995) . Thus, we also compared the results obtained from the proposed method and those from the KOH string test (Table 3 ). The basis of the latter method is that dissolution of the cell wall and cytoplasmic membrane using a 3% KOH solution should yield a reliable indication of Gram stain negativity, whereas a failure to dissolve these components should be an indication of Gram stain positivity. Results obtained from the KOH string test indicated that P. macerans was Gram-negative, but this species is in fact Gram-positive. On the other hand, our novel method accurately determined that P. macerans was Gram-positive. Some other studies have also reported that the results from the KOH string test do not precisely correlate with those from the Gram reaction (Blachman et al., 1980; Bourgault et al., 1988; Carlone et al., 1983) . It has also been reported that P. macerans often gives a false-positive KOH reaction (i.e., a Gram-negative result) (Gregersen, 1978) . Collectively, these fi ndings indicate that the proposed method is superior to the KOH string test in terms of accuracy, at least for the examined species.
Application for food-borne bacteria
As shown in Table 1 , S. pneumoniae, M. lacunata, and N. gonorrhoeae failed to be detected by the WST-8 colorimetric method. Because these particular species are pathogenic bacteria that classically cause clinical infection, these organisms are hardly ever detected in the fi elds of food industry and food hygiene. Therefore, it is thought that the proposed method can be suffi ciently applied to food-borne bacteria, such as those involved in food poisoning and fermentation.
To evaluate the utility of the present method for application in food-related fi elds, we used this approach to assess the Gram staining characteristics of bacteria isolated from various foodstuffs. In particular, these bacteria were isolated from meat, fi sh, chicken, milk, eggs, soybeans, various fermented foods, and other sources. The isolated food-borne bacteria were subsequently cultivated on suitable solid media for 24 h and were subjected to both our novel method and a conventional staining method. Table 4 includes the Gram staining results of the food-borne bacteria obtained using the different methods. In summary, there was perfect agreement between the results from the two methods, with the exception of seven bacteria determined to be Gram-variable by the conventional method. In the proposed method, these seven bacteria were instead determined to be Gram-positive. Table 5 shows the effect of the pre-incubation time of the seven food-borne bacteria on the Gram staining results obtained from the proposed method and the conventional staining method. Overall, the Gram stain- ing characteristics of the seven food-borne bacteria tended to change from Gram-positive to either Gramvariable or Gram-negative with increasing pre-incubation time in the conventional staining method. On the other hand, the seven food-borne bacteria were determined to be Gram-positive according to the present method, regardless of the pre-incubation time used. We estimated that these seven food-borne bacteria were strains of Bacillus species or closely related spore-forming genera, because biological property tests revealed the following results: Gram staining (performed on the 6 h samples), +; shape, rod; motility, +; catalase, +; spore formation, +; and oxygen behavior, aerobic or facultatively anaerobic.
The conventional Gram stain method is usually applied to bacteria that have been cultured for 5 8 h. The application of the Gram stain method to fresh inocula hardly ever leads to misidentifi cation. However, in slow-growing bacteria, it is diffi cult to obtain the microbial biomass enough to be applied to the Gram stain method within 5 8 h. Thus, these bacteria must be cultivated more than 8 h. During this culture phase, some Gram-positive bacteria are instead revealed as Gramvariable or -negative. The results obtained by the novel method are unaffected by the age of the culture and depend on an original characteristics of bacteria. Based on these fi ndings, our proposed method should provide accurate results in the determination of Gram staining characteristics of food-borne bacteria.
In this study, we developed and evaluated the efficiency of a method for the differentiation of Gram-positive and -negative bacteria using a colorimetric microbial viability assay based on the reduction of WST-8 via 2-methyl-1,4-NQ with selection medium. We optimized the composition of the selection medium to allow the growth of Gram-negative bacteria but to inhibit the growth of Gram-positive bacteria. Specifi cally, we found that the combination of crystal violet, daptomycin, and vancomycin allows the selective inhibition of Gram-positive bacteria. The WST-8 colorimetric assay with selection medium could be applied to determine the Gram staining characteristics of a large number of bacteria, although it was unsuitable for a small minority of bacteria.
The main factors of error in the conventional Gram stain method are thought to be a faulty procedure, the age of the culture, and the composition of the cultivation medium. In the Gram staining procedure, there is potential for making mistakes involving the primary stain, the mordant, the decolorizer, and the counterstain. In contrast, the procedure of the present method is relatively simple and independent of the degree of profi ciency of an operator. In addition, the proposed method can provide accurate results regardless of the pre-incubation conditions of bacteria, such as the age of the culture and the culture medium. Therefore, the proposed method should be a useful method for the accurate distinction of Gram-positive and -negative bacteria.
